warning against the detrimental effects of preoperative chemotherapy on recovery after hepatectomy.
The liver damage that can result from systemic therapy is not restricted to the current generation of chemotherapies. There has been a long history of reports supporting the notion that most chemotherapeutic agents, even5-fluorouracil, can cause hepatic damage. 6 The change that better salvage therapies bring about is that many patients subjected to second-and third-line therapies remain candidates for liver resection, whereas in years past, most patients failing first-line therapy were unlikely to be offered surgery. Thus, chemotherapy-associated steatohepatitis (CASH) has become more ubiquitous. It is incumbent for the clinician to recognize this syndrome. If a patient is noted to have hepatic attenuation lower than the spleen (Fig. 1) , fatty infiltration can be assumed. 7 The damage can progress to fibrosis and frank cirrhosis of the liver. This is accompanied by clinical findings of splenomegaly easily recognizable by imaging. There is also consumptive thrombocytopenia not related to bone marrow suppression and therefore not corrected even when chemotherapy is stopped.
Much data support the assertion that treatment of unresectable liver metastases can convert a percentage of patients with hepatic colorectal metastases to resectable.
1,2 Use of 5-fluorouracil, leucovorin, and oxaliplatin can convert 25% of patients from terminal stage 4 disease to potentially curable patients. 2 Even more aggressive options that include the use of cituximab and/or bevacizumab are now being tested for their ability to downstage unresectable disease. Some have used these data to justify a neoadjuvant approach or the use of preoperative chemotherapy in otherwise resectable patients. Note that in the paper by Karoui et al, 24 of the patients were subjected to preoperative chemotherapy in the setting of resectable disease. 3 The theoretical benefits of neoadjuvant therapy are clear: 1) early treatment may allow potential eradication of microscopic disease even prior to resection; 2) treatment with measurable disease allows determination of effectiveness of the chosen regimen; 3) time delay to surgery allows declaration of occult disease; and 4) downsizing tumor may allow easier resection or ablation. However, costs must also be taken into account, including potential development of CASH and associated complications. Furthermore, the expenditure of monetary cash can also be considerable. Some of the combinations of current therapy can cost $20,000 to $30,000 per month. Thus, a 6-month neoadjuvant course of chemotherapy can cost as much as $180,000. For select patients, such as the patient with a high clinical risk score 8 for recurrence, particularly patients with synchronous disease discovered during resection of a lymph node positive primary, such neoadjuvant therapy, can almost be justified on clinical ground. For all others, justification should be derived from future clinical trials.
Detection of CASH is not purely academic. Recognition of CASH may lead to active interventions to improve outcome. For example, one possible intervention is use of portal vein embolization (PVE). Makuuchi first proposed using preoperative, interventional occlusion of the one branch of the portal vein as a means of producing atrophy on the side of liver to be resected and hypertrophy of the contralateral remnant liver. 9 It has been proposed that such portal vein embolization be used for patients whose calculated remnant liver is less than 25% of total functional liver. 10 The presence of CASH would encourage consideration of such PVE. Future studies should define the relationship between size of remnant liver, the severity of CASH, and the benefit derived from PVE. One immediate benefit is that PVE may act as a "stress test" for the liver, allowing preoperative determination of the likelihood of liver regeneration prior to surgery.
Some studies have also attempted to dispel the notion that chemotherapy does not produce significant liver damage.
5 If this were so, then liver enzymes would not need to be part of the ongoing evaluation of the patient subjected to chemotherapy. We need to accept that liver damage is a product of these potentially life-saving therapies. Only then can we move on to the essential studies that are necessary in this field. We need to study the pathogenesis of CASH, so that we may determine if anti-inflammatories or other therapies can be used to modulate these toxicities. We need to study the recovery of patients with CASH after resections so that we can determine how long these agents have to be withheld before surgery is safe. For now, we need to be judicious with our use of neoadjuvant chemotherapy, both to prevent CASH and also to decrease an unjustified financial burden to our healthcare system. 
